Introduction
Stroke is a major health problem and a leading cause of death and disability worldwide [1] . Stroke consumes approximately 5 % of health services resources, and much of the cost is attributable to the in-hospital care of disabled patients [2] .
It has been well established that the stroke patient's needs are best met in an organized stroke unit [3] .Stroke unit care is effective in reducing death and disability, as well as improvingpost-stroke outcomes [3] . Furthermore, an alternative service has been reported where stroke patients in hospitals are offered early supported discharge (ESD) with rehabilitation at home [4, 5] . The ESD is conducted by multidisciplinary team members with experience in stroke rehabilitation and the ESD service could either have a community or a hospital base [4] . When appropriately resourced and provided for a selected group of stroke patients with mild to moderate severity,ESD can reduce the length of hospital stay [4, 5] . In addition, a benefit to functional outcome has been reportedto reduce long-term dependency and admission to institutional care, with no apparent adverse impact on the mood or subjective health status of patients or carers [4] [5] [6] [7] . However, the content of ESD for stroke patients is highly variable among different stroke organizations [4] . The ESD service thus needs to be locally adapted in order to enable appropriate implementation [8] .
For the stroke patient, coming home from hospital is often an important step in understanding the disease and its consequences, as well as an opportunity for the individual to reclaim their own responsibility, find their own solutions and be more active in their rehabilitation. After discharge, patients have requested support, encouragement, advice, information about medications, and confirmation that recovery is progressing as expected and that their exercise is suitable [9] .
In Sweden, approximately 88 percent of the stroke patients are admitted to and cared for at a stroke unit [10] . Umeå Stroke Center at the University Hospital of Umeå is a stroke unit responsible for acute care, nursing and sub-acute rehabilitation. All patients with acute onset of suspected cerebrovascular disease in the catchment area of Umeå and its surrounding municipalities (145000 inhabitants) are referred to Umeå Stroke Center.
In September 2004, the board of Västerbottens County Council in Northern Sweden gave stroke team members the commission to develop and implement an ESD service for stroke patients at the University Hospital of Umeå. The content of the locally adapted ESD was based on the published data about ESD after stroke care at hospital [4, 5] and our understanding from interviews with stroke patients after discharge [9] .
The implementation process was done with support from members at the Memeolog department at Västerbottens County [11] who work with improvements in the health care [12] . For the implementation process, a specifically developed handbook for improvement with a practical approach to enhancing organizational performances with guidance [13] was used. A value compass [14, 15] was used to describe and follow the progress of the implementation process at a group level.
The general aim of the present study is to describe the method, content, implementation and outcome of ESDin its natural habit for stroke patients.
Our hypothesishastree parts:(I) ESD according to the Umeå Stroke Center model is feasible in an selected stroke population; (II) Umeå Stroke Center ESD is associated with favorable clinical outcome; and (III) Umeå Stroke Center ESD is not associated with increased risk of accidental falls and other injuries.
Methods

Participants
The study participants were consecutively admitted to the stroke unit at the University Hospital of Umeå, Sweden, and were offered early discharge and rehabilitation at home by the ESD team. Patients were recruited according to the following inclusion criteria: preliminary or final diagnosis of acute stroke, medical stability, continued need for rehabilitation, independent living in Umeå or in the nearby surrounding areas and verbal consent from the patient and their family. Patients with severe stroke, i.e., with modified Rankin Scale>3 [16] , serious co-morbidity with e.g. terminal cancer, hemodialysis, severe cognitive dysfunction, drug abuse and patients living far away from the hospital or in residential care facilities were excluded. Prior to hospital discharge the physician in charge for the patient at the stroke unit made the final decision if the patient was suitable for ESD. The team at the stroke unit made a survey of each participant`s home situation, home environment and need of municipal assistance. If necessary, a home visit was conducted before discharge.
ESD team and intervention
The ESD-team members are a part of the stroke unit. The ESD team consists of one full-time working physiotherapist, one full-time working occupational therapist, and a part time (50%) working nurse, part time (25%) stroke physician and a part time (50%) social worker. A speech therapist, psychologist and dietician are consulted when necessary. The ESD team works according to an interdisciplinary approach with daily coordination and team meeting once a week for medical discussions and planning. To achieve the efficient use of resources, the nurse specifically visits those who do not have an established contact with primary care contact. The stroke patients who have had a continuous contact with a nurse at primary care before stroke onset continues with such contact when coming home. These patients receive additional support/ rehabilitation from the occupational therapist, physiotherapist, social worker and physician in the ESD team. The ESD-teams assignment is to offer at-home rehabilitation for individuals with mild to moderate stroke.
Patients are informed and provide verbal consent to ESD directly after discharge from the stroke unit. ESD service is initially provided 5 days per week, which is successively reduced when the patient is more independent. The amount of rehabilitation, duration and intensity of intervention is determined by each patient's needs and goals in agreement with the patient and their family. The rehabilitation is recorded as treatment hours with each of the team´s professions. Intervention consists of task-specific training in the patient's home and neighborhood. The choice of training activities is based on each patient's interests and goals. Patients and relatives are also continually informed about the disease, prognosis and risk factors and are provide with support and practical advice about how to manage everyday tasks, such as the adaptation and prioritization of activities, physical activity, rest and medication management. Rehabilitation progressis assessed continuously using standardized instruments for assessment of balance, mobility, arm-hand function and ADL, where the results are compared with the individuals' goals. At the time of dispatch from the ESD service, current information is transmitted in writing (and verbally if needed) to the next step in the chain of care, which usually includes primary health care and sometimes day rehabilitation facilities.
Outcome measures
The outcome of ESD is evaluated using a value compass [14, 15] . The value compass ( Figure 1 ) is a method for describing the value of care for a specific patient group in four dimensions -clinical status (number of patients per year; minimum, mean, median, maximum length of stay; and re-admissions), functional health status (ADL stairs and RMI), satisfaction in relation to needs (patient satisfaction according to an early version of the National Patient Survey for patients in Västerbotten County Council), and costs. Patients are re-admitted to the in-hospital stroke unit if the ESD services cannot guarantee safe health care and rehabilitation at home.
The Activity in Daily Life (ADL)-stairs [17] is a further development of the Katz ADL index [18] . Katz ADL index measures each individual's level of dependence in sex activities (eating, continence, transfer, toileting, bathing and dressing). In the ADL-stairs, four activities been added (cooking, transportation with public transportation, grocery shopping and cleaning). Step10 means that the individual is dependent on another person for all activities: at step 0, the person is completely independent. The ADL-stairs has been tested for reliability and validity [17] .
The River mead mobility index (RMI) [19] [20] [21] is a measure of disability related to bodily mobility; it includes 15 mobility items, which are hierarchically arranged and ordered according to ascending level of difficulty. The RMI covers a range of activities, from turning over in the bed to running. The range of scores is between 0 (poor mobility) and 15 (good mobility).The ADL-stairs and the RMI were measured at enrollment and discharge from the ESD service.
The ADL-stairs and the RMI were chosen to measure different aspect of functional health status,which could be summarized and used at a group level. Both measurements are easy and quick to perform. An economist calculates the cost of ESD on one occasion each year. The total cost includes staff, administrative costs, laboratory, general service, equipment, medical technology, internet, telephone and corporate costs. The costs of health and social care in the community have not been calculated.
The Abbreviated Injury Scale(AIS) [23] is used to grade accidental falls and other injuries. It is based on injury severity and location, and each individual injury is classified. The Maximal Abbreviated Injury Scale (MAIS) is a six-point scale that represent the maximum extent of damage (1 = mild injury, 6 = maximum, fatal injury).
The study is approved by the Regional Ethics Committee at UmeåUniversity.
Data analyses
All data for ESD were collected in an Excel file (Microsoft Office Exel 2003, Microsoft, USA).The Excel files for ESD, The Swedish Stroke Register and The Umeå University Hospitals injury registration were cross-classified to identify baseline characteristics, injuries and falls up to one year after stroke onset. Significance of differences between ADL and RMI at enrollment and at discharge was determined with the two-sided Wilcoxon signed rank test with a p-value <0.05. We used IBM SPSS for Windows, version 18.0, SPSS Inc., Chicago, IL for all calculations.
Results
We have in this study chosen to describe our testing and implementation work of the 
Implementation of ESD for stroke patients Umeå
The development and implementation of the ESD-service for stroke patients in Umeå started September 2004. The ESD-team was locally recruited from team members working at the stroke unit. Two members of the ESD team were responsible for the development and implementation process of the ESD and thus had a leader/coordinator function. This included working methods and procedures, structure of team meetings, information to patients, information meetings with officials in the municipality. However, the coordination of the practical work could be done by anyone in the ESD team and was depending on the patients needs. Table 1 shows that the number of patients/year has gradually increased from 2005 to 2009. When initiating the Umeå ESD stroke service in 2004, the focus was to pick up and gather experience that could increase confidence among the stroke unit team and ESD team members. For example the ESD service was tested in patients with different severity of stroke symptoms (mild to moderate and in a few cases more severe symptoms), in direct connection to the hospital discharge as well as after some time at in-hospital rehabilitation units. It was found that stroke patients with initially more severe symptoms could after a more prolonged rehabilitation phase at the stroke unit and thereby gradual recovery also be eligible for the ESD service. Furthermore different amounts of ESD resources were tested and calibrated based on individual needs.
Based on the experience with testing, initial implementation, retesting and further implementation, a locally adapted working method for the Umeå ESD-service was developed. In the Umeå ESD service, the patient receives a first visit in direct connection to the hospital discharge. Two team members, usually an occupational therapist and physiotherapist conduct the first visit. The patients needs and the teams' workload determines the choice of professionals. The nurse specifically visits patients who do not have an established primary care contact; the social worker visits people with special needs. The stroke physician is frequently consulted by other ESD team members, has occasionally phone contact with the stroke patients and their families and could also visit the patient in their home.
At the first visit, the patient and their family get information about the ESD service and an individual rehabilitation plan is designed. Next, daily visits are offered from someone in the ESD team. All team members work according to the patients' individual goal during the rehabilitation. An important part of the teamwork is that all professionals share their knowledge at team conferences once a week and more often if required and are able to a certain extent to work across professional borders to ensure efficient resource utilization. The ESD team has continuous contact with the home care service for supervision, instruction and evaluation of the need of assistance in activities of daily living (ADL). The home care service assists the patients and their families with tasks that they cannot handle. The ESD service ends when the patients' individual goal has been achieved. When necessary, the ESD service contacts other health care providers in the care and rehabilitation chain. 
Results from the Umeå ESD service
Functional health status
Compared with scores assessed at enrollment, the ADL-stairs and the RMI at discharge revealed a reduced dependence during activity and increased mobility after ESD. The median ADL-stairs was 3 (Q 1 -Q 3 , 1 -5) at enrollment and 1 (Q 1 -Q 3, 0 -3) at discharge (p <0.001, two-sided Wilcoxon Signed Ranks test).The median RMI was 11 (Q 1 -Q 3 , 9 -13) at enrollment and 13 (Q 1 -Q 3 ,12 -15) at discharge(p <0.001, two-sided Wilcoxon Signed Ranks test). The proportion of patients who were completely or almost ADL independent (ADL stairs 0-2) increased at discharge from the ESD compared with at the time of enrollment to the ESD service ( Figure 3 ). In addition, the proportion of patients who were completely independent in their mobility in the community (RMI step 13-15) increased at discharge from the ESD compared with at the time of enrollment to the ESD service (Figure 4 ).
Satisfaction in relation to needs
The response rate of the Swedish National Patient Survey of Patient Satisfaction was 71 % during the study period. In general, patients were satisfied with the response, information, participation in the ESD care and treatment, and availability in care and treatment ( Figure 5 ). Table 3 shows the number of home visits and total time spent by members of each profession. The mean number of home visits by the ESD team was 11 (median 8 visits per patients). The mean time used for each patient was 18 h (median 14 h per patient). Seventy-one percent of patients received home visits from more than two team members and 4 % received home visits from the whole team. Step 0
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The percentage of subjects found at each step of the ADL-stairs (11).
Step 10 means that the individual is dependent on another person for all activities: at step 0, the person is completely independent.
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Figure 4:
The percentage of subjects at each step of the RMI (12) (13) (14) where a RMI score 0 means poor mobility and 15 good mobility. RMI of 13-15 means completely independent out in the community. Table 4 summarizes the causes, types and degrees of injury according to the MAIS.
Discussion
Summary of the findings
Both stroke unit care and early supported discharge (ESD) service are recommended for stroke patients based on randomized controlled trails summarized in systematic reviews and meta-analyses. While stroke unit care has been successfully implemented in Sweden and elsewhere, there are difficulties in transferring research results regarding the ESD stroke service to the clinic. Therefore it is considered important to adapt activities based on local conditions [8] . In addition, criticism has been raised that most of the randomized controlled trials on ESD services were published more than 10 years ago and that the efficacy and safety of ESD has not been tested in the today's stroke care with shorter hospital stay and access to hyper-acute therapies [4, 24] . Our study demonstrates that it is possible to develop and implement an ESD service based on evidence-based principles, national stroke guidelines [25] and local conditions in a setting with a mean of 8,6 days, i.e., a short hospital stay at the in-hosiptal stroke unit and also with use of hyper-acute and acute interventions such as intravenous thrombolysis, mechanical thrombectomy and carotid end arterectomy within the first week in case of symptomatic carotid stenosis. The locally adapted ESD in Umeå has enabled patients to receive training in their own environment and helped them to find strategies to cope with everyday life. ESD has also offered an opportunity to support patients and their families during the initial time at home.
Content, method and implementation of the Umeå ESD service
The organization, appropriate patient volume and key elements of the Umeå stroke ESD are in agreement with the recommendations formulated by10 ESD trialists in a consensus document [8] . Thus, as recommended [8] , the Umeå ESD service is hospital-based and the multi-disciplinary specialist stroke team plans and co-ordinates both the discharge from the hospital and provides the rehabilitation at home.The ESD trialists could not reach a consensus on the length of intervention by the ESD team, but agreed that the intervention should last" for as long as they need and benefit from it" [8] . In our study, there was no end date for the ESD intervention. It is interesting that the number of visits is in our study is consistent with the preliminary results from the on-going GOTVED RCT [24] that test ESD in the setting with short in-hospital stay and up-to-date acute interventions.
As summarized in the Cochrane review [4] , a single ESD team should have the capacity to handles approximately 100 patients per year. This is in good agreement with the experience of the ESD service in Umeå. The majority (71%) of patients received home visits by more than two team members. Visits by the occupational therapist and physical therapist are most common, which is expected when the focus is on rehabilitation. In our ESD team, the physician, who is a stroke specialist, is integrated in the ESD-team. The physician is frequently consulted by other ESD team members and has occasional phone contact with stroke patients and their families, which is often requested [26] . In our model of ESD, we have no specific key worker (case manager) [8] but instead, depending on the patients needs, one of the ESD team members coordinates the intervention. We have experienced strength in that the patient and their family meet different team members who provide consistent information and are able in some extent to work across professional borders. Our model is similar to the interdisciplinary team-work at the stroke unit and can be regarded as a stroke unit in the patients' home.
In our ESD-service, the stroke patients are directly transferred from the in-hospital stroke unit care to the ESD with daily visits of ESD team from the first day after hospital discharge. With this routine, the stroke patients were discharged from the hospital much earlier (mean 8.6 days) than has previously reported (mean 31 days, range 10 to 42 days) [4] . This very early supported discharge needs to be further studiedin RCT [24] .
Efficacy and safety
As suggested in the ESD consensus document, the effectiveness of the Umeå ESD service in practise was measured by changes in outcome at admission and discharge [8] . The patients in this study exhibitedreduced dependence of activity and increased mobility, and were very satisfied with the ESD service. Results from the ADL-stair and the RMI show that activity levels and mobility are consistent with the recommended target group of mild to moderate stroke severity [4, 5, 8, 26] .The satisfaction of ESD from patients and families has been described but more information about causes, prognosis, medication, support and practical advice is usually still requested [27] . In our ESD service, continuous information is an important part of the intervention and 80 percent of our patients reported that they were satisfied with the information. A weakness in our study is that there was no evaluation of the experience and needs of the carers [27] .
Accidental falls was the most common injury encountered in this study. This finding is consistent with results from other studies, which found that falls are a common complication after stroke [6, [28] [29] [30] . In the presentstudy, 12 % suffered injuries or accidental falls within a year after onset of stroke. Other studies have reported an incidence of 43-70 % fallers at one-year follow-up [30] .Our data thereby imply that there was no increased risk of accidental falls or other injuries for stroke patients receiving ESD in Umeå. One explanation for the low proportion of accidental falls can be the target group of patients with moderate stroke, but also depend on the ESD intervention. A study has previously showed increased improvement from 1 to 5 years after ESD [31] . One explanation is that ESD may start a process so that patients and family members could better cope with the life after stroke.
Costs
The total cost of care is difficult to calculate. In this study we have chosen to compare the cost of the ESD team with the daily cost of a hospital stay. Estimates of the cost of health care in the community, relatives' efforts, housing adaptations and aids, etc. are also required to obtain a more complete picture of the costs of ESD. The total health care costs for ESD service have been estimated to be equal or reduced compared with the cost for ordinary care [4, 31, 32] . Previous studies about cost without ESD service have concluded that the first period after stroke is the most expensive [33, 34] .
Conclusions
It is possible to develop and implement ESD care for stroke patients based on evidence-based principles and local conditions. The stroke patients subjected to the Umeå ESD service exhibited reduced functional dependence, increased mobility, and no apparent increased risk of accidental falls or other injuries, which was well appreciated by patients. One result of the continuous monitoring of the ESD is that the endeavor has expanded in Umeå. Two ESD teams have been operating with increased catchment (100 km) since May 2009, and are able to offer ESD to patients with somewhat more severe stroke. The ESD according to the Umeå Stroke Center model, a stroke unit at home, may be an attractive alternative to conventional in-hospital stroke rehabilitation for selected patients with mild to moderate stroke.
